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Abstract 
The plantar fascia is an important foot tissue in stabilizing the longitudinal arch of human foot. Direct measurement 
to monitor the mechanical situation of plantar fascia at human locomotion is difficult. The purpose of this study was 
to construct a three-dimensional finite element model of the foot to calculate the internal stress/strain value of plantar 
fascia during different stage of gait. The simulated stress distribution of plantar fascia was the lowest at heel-strike, 
which concentrated on the medial side of calcaneal tubercle. The peak stress of plantar fascia was appeared at push-
off, and the value is more than 5 times of the heel-strike position. Current FE model was able to explore the plantar 
fascia tension trend at the main sub-phases of foot.  More detailed fascia model and intrinsic muscle forces could be 
developed in the further study. 
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1.  Introduction 
The major function of the plantar fascia is to support the foot’s arch during load bearing [1]. It has 
been revealed that the height of foot arch decreased when the plantar fascia released [2]. Since plantar 
fascia maintains the foot arch structure and absorbs dynamic foot contact loading during human 
locomotion, it would cause plantar fascia becomes a common source of foot and heel pain. Among the 
most common plantar fascia injuries are plantar fasciitis and heel spurs. The former injury occurs when 
small tears and inflammation develop in the ligament. Excessive stretching, repetitive and abnormal 
stress induces in the plantar fascia are thought to be the major reason of plantar fasciitis. Some cadaveric 
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studies have been done to investigate the mechanical response of plantar fascia in static or simulated 
walking condition [3].  However, cadaveric models are hard to strict controlling the effects of intrinsic-
extrinsic loading force and foot position, and most cadaveric studies investigating the plantar fascia 
biomechanics in complete release situation which is not commonly happened in real life. Finite element 
(FE) method would be very useful to calculate the mechanical response of the human tissues through a 
simulated model. It allows parametric study on some constant to investigate the influence of the constant 
change, and monitor the internal structure mechanical situation variety using stress/strain patterns. The 
purpose of this study is to construct a comprehensive FE foot model to investigate the mechanical 
response of plantar fascia during different stage of normal gait. 
2.  Methods 
The dimensions of the FE model were developed by the reconstruction of a three-dimensional CT of 
the left foot of a male subject. Coronal CT images were taken in the neutral unloaded position. The 
images were segmented using MIMICS 8.0 (Materialise, Leuven, Belgium) to obtain the boundaries of 
the foot different structures surface. Those geometry were processed using Solidworks 2005 (Solidworks 
Corporation, Massachusetts, USA) to form solid models. Each component was then imported into 
Geomagis StudioTM (Geomagic, Inc., Research Triangle park, USA) to smooth the uneven surface 
caused by the stacking of the medical images before being assembled into a whole foot model. Except of 
the plantar fascia which was considered as nonlinear material property, the mechanical properties of other 
foot tissues were assigned according to the FE model developed by Gu et al.[4]. The hyperelastic material 
model was used to represent the plantar fascia nonlinear characteristics, five parameter Mooney-Rivlin 
strain energy potential was adopted with the form 
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Where W is the strain energy per unit of reference volume; Cij is material parameters, 1I  and 2I are the 
first and second strain invariants. The material constants obtained from Cheng et al [5] are listed in Table 
1. 
TABLE I The material constants used for plantar fascia 
C10 C01 C20 C11 C02 
-222.1 290.97 -1.1257 4.7267 79.602 
Ground support was simplified as plate assigned as rigid body. Foot reaction force and contact area 
were collected using an Novel Emed pressure platform (Novel, Munich, Germany). Intrinsic Achilles 
tendon force was estimated from the Finni et al.[6] measurement data during walking. The superior 
surfaces of the soft tissue, tibia and fibula were constrained through the simulation as inverse study 
exploring the plantar fascia’s mechanical response. The model was validated by comparing the 
computational predicated plantar fascia strain to Cheung’s cadaver vertical compression study results [7]. 
3.  Results 
Figure 1 show the stain value from the current analysis fell within the range of Cheung’s [7] foot 
specimen experiment data, which indicated that the simulation results was capable of predicting its 
biomechanical responses. Figure 2 depicts the predicted stress distribution of the plantar fascia during 
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different walking stance positions. The simulated stress distribution for the heel-strike was the lowest, 
which concentrated on the medial side of calcaneal tubercle. The peak stress of fascia was appeared at 
push-off, and the value is more than 5 times of the heel-strike position. The stress in middle part of the 
fascia was much lower than two distal parts, and the first ray was the highest in five rays. 
 
Fig. 1 Plantar fascia strain under vertical compression loading from cadaver experiment and FE prediction. 
 
Fig. 2 Plantar fascia stress distribution at different sub-phases of walking. 
4.  Discussion 
In this study, the current FE model attempted to explore the plantar fascia tension trend at the main 
sub-phases of foot during walking. Results from this study indicated that the push-off stage was the most 
important time for the plantar fascia protection because of the peak stress appeared. The stress 
distribution pattern of the plantar fascia during the whole gait stage was concentrated in the two distal 
parts. Previous investigations [8, 9] found that the medial side of calcaneal tubercle was the frequent 
location of pain in patients with plantar fasciitis, which is agreed with current simulation result that this is 
the position where stress concentrated. The FE model developed in this study is able to investigate the 
mechanical response of plantar fascia during walking. More detailed fascia model and intrinsic muscle 
forces would be developed in the further study. 
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